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© It is an object of the present invention to provide 
a semiconductor device having a high current driving 
capability and capable of high-speed circuit opera- 
tion. This device has a first semiconductor region of 
one conductivity type on a substrate; source and 
drain regions of the opposite conductivity type in the 
first region: a first insulating fiim on the substrate 
between the source and drain regions; and a con- 
ductive gate electrode on the first insulating film. 
The first insulating film comprises an insulator hav- 
ing a dielectric constant of 8 or more and its film 
thickness ti satisfies the following express (1). The 
source and drain regions are formed in a self-align- 
ment manner with respect to the gate electrode: ti < 
3 x (€r/fsio2) (nm) (1) where « r is the dielectric 
constant of the first insulating film, and «sio2 is the 



dielectric constant of the silicon oxide film. 
Fig. 1 
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Technical Field 

This invention relates to a semiconductor de- 
vice, and in particular relates to a semiconductor 
device capable of high speed operation. 

Background Art 

At present, a technique for a semiconductor 
integrated circuit has been developed indeed at an 1 
amazingly-level of high speed. Such surprising 
grade, amount, and level of development is largely 
owing to fine-element promotion planning. The fine- 
element promotion enables integration of more ele- 
ments within one chip, and as a result, more func- ; 
tions per chip can be realized. One more large 
effect by the fine-element promotion is to realize a 
high speed. A current and voltage formula in a 
saturated region of MOSFET is expressed by the 
following equation (2). a 

Id = (W/2L) • ii c . C 0X (V G - V^f (2) 

where, 

Cox = (co • t r ) / dox 
and 

W : gate width 

L : gate length 30 
u c • channel mobility 

Cox : gate oxide film capacitance per unit area 

V G : gate voltage 

Vt„ : threshold voltage 

co : dielectric constant of vacuum 35 
« r : relative dielectric constant of gate insulating 

film 

d ox : film thickness of gate insulating film 
Assume that a dimension of the device is 
scaled down at a rate of a times (a < 1). Even 40 
when a gate width W and a gate length L are 
reduced at a rate of a times, a drivable drain 
current l D does not vary. However if a thickness 
D ox of a gate insulating film is reduced at a rate of 
a times, a capacitance C ox of the gate insulating 45 
film goes at a rate of 1/a times, and a drivable 
drain current l D increases at a rate of 1/a. Further, a 
load capacitance (normally, a gate capacitance on 
next stage) driven by this transistor is expressed 
by C 0X *L- W, and lowered at a rate of a. Therefore, 50 
the required time for charging and discharging the 
load capacitance is sharply reduced at a rate of a 2 
times. Thus, improvement of the current driving 
capability and reduction of the load capacitance in 
respect of elements following the fine promotion 55 
have achieved the high speed operation. 

However, realization of the fine-promotion poli- 
cy is slowing down recently, where plane dimen- 



sions of the gate length L and the like reach 0.5 to 
0.2 urn that is a theoretical limit value of pattern 
forming by light, For the gate insulating film, silicon 
thermal oxide film SiCk is ordinarily used, but its 
film thickness comes as thin as approximately 5 
nm. This designates approximation to the limit val- 
ue of the fine promotion process. For the pattern 
dimension, a dimension therefor equal to or less 
than 0.1 urn is intended by the use of X ray or 
electron beam, this now is in gradually obtaining 
satisfactory result. 

However for the gate insulating film, leaving the 
present situation as it is, when approximating as 
thin as an extent of 3 nm, a current flows by a 
direct tunneling phenomenon to lose function as an 
insulating film. This means that the thickness of the 
insulating film reaches the limit value where it is 
principally no longer thinned. Therefore, it is in 
extremely difficult situation to improve the current 
driving capability by thinning the gate insulating 
film. 

On the other hand, for a requirement of further 
upgrade of function per one chip, a largeness of 
the chip is gradually larger in reverse around the 
fine promotion policy of the element. Followingly, a 
length of wiring for connecting each functional 
block is also lengthened. In view of the transistor 
for driving such wiring, the load to be driven comes 
larger in reverse to normally smaller with proceed- 
ing of the fine promotion planning. Accordingly, a 
strong demand is directed to the improvement of 
the current driving capability of the elements. 

The transistor for driving such larger load re- 
quires an extremely higher current driving capabil- 
ity, thus following the equation (2), a channel width 
is also required as large as ranging from several 10 
urn to several 100 urn. In particular, the transistor 
used in an output stage to an external circuit is to 
have an extremely larger channel width W. 

Figs. 8(a) to 8(c) are a schematic view showing 
the conventional transistor structure, (a) is a plan 
view, (b) a sectional view, and (c) an equivalent 
circuit. 

In the drawings, numeral 801 depicts a gate 
electrode made of n + polysilicon, 802 and 803 a 
source and a drain respectively, 804 a gate insulat- 
ing film made of SiCfe, and 805 a field oxide film. 

The transistor described above, whose gate 
electrode itself is a RC distribution constant circuit, 
takes a finite time for transferring signals from the 
one end 806 to the other end 807 of the gate, see 
Fig. 8(c). Fig. 9 designates a state that, when 
applying high-frequency signals from one end of 
the gate, an amplitude of voltage is attenuated 
depending on propagation of the signals on the 
gate electrode. With the gate electrode having a 
larger resistance, the high-frequency component is 
attenuated, and the gate, which is allowed to have 
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the larger width by all means, comes entirely im- 
possible to effectively use. 

Hence, the gate electrode must have a lower 
resistance as much as possible. For example, it 
may preferably be made of metal such as Al, 
whose melting point is 660 * C, and a thermal treat- 
ment therefor is required to perform at least at a 
temperature equal to or less than 450 • C. However, 
with the conventional ion injection procedure used, 
when an ion injected layer has an anneal tempera- 
ture of 450 • C, a reverse direction leakage current 
of PN junction is equal to or more than 10" 3 A / 
cm 2 , which entirely has been out of use. 

Essentially, in the conventional transistor, the 
thinnered gate insulating film (S1O2) is unused by 
the direct tunneling current of the insulting film, and 
in addition, in the transistor having a larger gate 
width for driving a particular higher current, the 
finite time is needed for the transistor to turn ON 
one end to the other end thereof, which is thus 
extremely disadvantageous for realization of high 
speed operation for the circuit. 

The present invention has been made for solv- 
ing the problems. The invention is to provide a 
semiconductor device with a high driving capability 
of current and capable of realizing high speed 
operation of a circuit. 

Disclosure of the Invention 

A semiconductor device according to the in- 
vention, in a semiconductor device comprising a 
first semiconductor region of a (-) conduction type 
on a substrate body, source and drain regions of a 
reverse conduction type provided in the region, a 
first insulating film on the substrate body of a 
region spacing the source and the drain regions, 
and a gate electrode made of a conducting body 
on the first insulating film, is characterized in that 
the first insulating film is made of the insulating 
body of a relative dielectric constant of 8 or more, 
a film thickness thereof t ( satisfies the following 
equation (1), and the source and drain regions are 
formed in a self aligning manner for the gate elec- 
trode, 

ti < 3 x ( €r / € S io2) (nm) (1) 
where 

cr : a relative dielectric constant of the first 
insulating film 

€ S i02 • a relative dielectric constant of the sili- 
con oxide film. 

Function 

A semiconductor device according to the 
present invention provides a high current driving 



capability of current which has not been realized in 
the conventional semiconductor devices, thus a 
high speed for circuits is possible. A smaller size is 
enough to obtain the equivalent driving capability of 
5 current as the conventional devices, this enables a 
high integration. 

• Brief Description of the Drawings 

10 Fig. 1 is a sectional view of a semiconductor 

device showing a first embodiment according to 
the invention. , ' 

Fig. 2 is a graphical representation showing a 
relationship between a mixture amount (expressed 

75 by a ratio with a dose amount) of metallic impurity 
elements and a leakage current of a PN junction 
annealed at a temperature of 450 * C. 

Fig. 3 is a graphical representation of a rela- 
tionship between an anneal temperature and a 

20 leakage current in comparison of the prior art with 
the an ultra-cleaning ion injection technique of the 
present embodiment with less impurity mixtured. 

Fig. 4 is an attenuation state of signal am- 
plitudes in comparison between the conventional 

25 polysilicon electrode and an, Al electrode in case 
where a high-frequency signal is input from one 
end of a gate electrode. 

Fig. 5 is a graphical representation showing a 
relationship between a drain current and a drain 

30 - voltage standardized by a gate length L and a gate 
width W with respect to a transistor according to 
the first embodiment 

Fig. 6 relates to a second embodiment, Fig. 6- 
(a) is a sectional view of a semiconductor device, 

35 Fig. 6(b) is a graphical representation of difference ' 
of an interface state density due to presence of Si 
oxide film 203. 

Fig. 7 relates to a third embodiment, Fig. 7(a) 
is a sectional view showing an end of a gate 

40 electrode of a semiconductor device, and Fig. 7(b) 
is a graphical representation showing a relationship 
between a back oxide film thickness formed by 
anode oxidation procedure and a gate insulating 
film withstand voltage. 

45 Fig. 8 shows the conventional example, Fig. 8- 

(a) a plan view, Fig. 8(b) a sectional view, and Fig. 
8(c) an equivalent circuit. 

Fig. 9 is a graphical representation in case of 
applying high-frequency signals from one end of a 

50 gate in respect of attenuation of voltage amplitudes 
of the signals depending on propagation of the 
signals on a gate electrode. 

Reference Numeral 101 depicts a p-type sili- 
con substrate (base body), 102 a gate insulating 

55 film made of AI2O3 (relative dielectric constant: 
8.5), 103 an Al gate electrode, 104 a n + source, 
105 a n + drain, 201 a P-type silicon substrate, 202 
a first gate insulating film (Ta2O5),203 a Si oxide 
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film, 301 a drain, 302 an Al gate electrode, 303 
Ta 2 0 3 , 304 a gate electrode end, 305 a flat portion, 
801 a gate electrode made of n + polysilicon, 802 a 
source, 803 a drain, 804 a gate insulating film 
made of S1O2, 805 a field oxide film, 806 one end 
of a gate, and 807 another end of the gate. 

Best Mode for Carrying Out the Invention 

(First Embodiment) 

Fig. 1 is a sectional view of a semiconductor 
device showing a first embodiment according to 
the present invention. 

In the drawing, 101 depicts a p-type silicon 
substrate, 102 a gate insulating film with a thick- 
ness of 5 nm made of AfeOa (relative dielectric 
constant : 8.5), 103 an Al gate electrode, and 104 
and 105 a n + source and a n + drain respectively. 
The source and drain are formed in that, for exam- 
ple, after forming the Al electrode by RIE using 
Cl 2 . a gate insulating film is removed, thus exposed 
Si surface is injected with As, for example, at an 
energy level of 25 KeV with a dose amount of 5 x 
10 15 cm" 2 . The ion injection is performed in a self 
aligning manner using the Al gate electrode as a 
mask. 

Annealing for ion injection layer is performed at 
a lower temperature of 450 • C. The gate insulating 
film is removed before ion injection for preventing 
knock-on to a Si substrate of oxygen atom included 
in the insulating film. When ion injecting without 
performing such removing, it has been found that 
the sufficiently long time is required for the anneal- 
ing after ion injection. 

For the ion injection equipment there has been 
used an ultra cleaning ion injection equipment 
which is allowed to have a high vacuum degree 
than 10~ 9 Torr and whose contamination due to 
sputtering of chamber metallic material by ion 
beam is satisfactorily lowered. This provides suffi- 
ciently lower impurity mixture such as oxygen O, 
carbon C and the other metallic elements to the ion 
injection layer and enables, for the first time, the 
production of a device by low temperature anneal- 
ing at 450 °C. The lower contamination level of 
metal provides the better result, and in our experi- 
mentation result, it is found that the contamination 
may preferably be suppressed to 0.1 % or less for 
the dose amount of As. 

Fig. 2 shows a relationship between a mixture 
amount (a ratio with the dose amount) of metallic 
impurity element and a leakage current of PN 
junction annealed at 450 -C, and if the mixture 
amount is 0.1 % or less of the dose amount, the 
leakage current is equal to an extent of 10~ 7 A / 
cm 2 , preferably 0.001 % or less. In such range, the 
PN junction having an extremely lower leakage of 



10~ 8 A / cm 2 or less, is obtained. 

Fig. 3 is a relationship between an annealing 
temperature and a leakage current in comparison 
of the prior art and an ultra cleaning ion injection 
5 technique where impurity mixture is reduced (the 
embodiment according to the present invention). 
The development of the ultra cleaning ion injection 
technique enables, the lower temperature annealing 
for the first time and the use of lower resistance 
10 material such as Al as a gate electrode. 

Fig. 4 shows attenuation of signal amplitude in 
case of inputting high-frequency signals from one 
end of a gate electrode in comparison of the con- 
ventional polysilicon electrode and an Al electrode. 
15 The Al electrode provides smaller attenuation of 
the signal amplitude compared to the high resis- 
tance polysilicon electrode where the signal am- 
plitude is considerably attenuated. Therefore, it is 
found that using the Al electrode, driving the entire 
20 gate width comes possible. 

Fig. 5 is a relationship between a drain current 
and a drain voltage standardized by a gate length L 
and a gate width W with respect to a transistor 
experimentally produced in accordance with the 
25 present embodiment, where AI2O3 is used as a 
gate insulating film. For the same condition in way 
of applying voltage, the transistor of the embodi- 
ment is found capable of allowing two times the 
current to flow indeed, compared to that of the 
30 conventional example using SiCfe as a gate insulat- 
ing film. This designates that a dielectric constant 
3.9 of Si oxide film for the gate insulating film 
corresponds to about two times of AI2O3 forthis 
embodiment. As a consequence, about two times 
35 of dielectric constant value and about two times of 
the gate insulating film capacitance per unit area 
provide also two times of the channel carrier con- 
centration which can be induced under the con- 
dition of using the same voltage. Thus, a current to 
4Q be let flow is also two times the before. In case 
where the same current as in the transistor of this 
embodiment is intended to flow using the conven- 
tional Si oxide film (SiCfe), then this requires a film 
thickness of 2.5 nm or less for the oxide film 
45 (Si02). However as formerly described in the prior 
art problem, the Si oxide film with a film thickness 
of 3 nm or less is known to produce a leakage 
current called as a direct tunnel current. Thus in 
the conventional semiconductor device using Si 
50 oxide film, it is impossible to obtain the same 
current in the same largeness as in the semicon- 
ductor device of this embodiment at the same 
plane size. Conversely speaking, the foregoing 
means that there can be produced, in accordance 
55 with the present invention, a high current driving 
capability which is impossible to realize in the 
transistor using the conventional Si oxide film for 
the gate insulating film. 



4 



7 



EP 0 641 027 A1 



8 



In such a manner, a larger capacitance of the 
gate insulating' film per unit area enables larger 
driving capability of current of the transistor. Coh- 
ventionally, the current driving capability has been 
improved by thinning the gate insulating film made 
of Si02. According to the present invention, the use 
of a larger dielectric constant for the insulating film 
increases the gate oxide film capacitance per unit 
area and also enlarges the current driving capabil- 
ity. The use of the insulating film with a larger 
dielectric constant is to equivalently thinner a film 
thickness of S1Q2. Thus in case of using a larger 
dielectric constant for the insulating film, an equiv- 
alent oxide film thickness (S1O2 conversion) t* is 
defined as follows. 

f - ti x <« ao2 / <r) (nm) (3) 

where 

ti : film thickness of gate insulating film 

« r : relative dielectric constant of gate insulating 

film 

«skm : relative dielectric constant of silicon ox- 
ide film 

If t' < 3 nm is established, then in the transistor 
using S1O2. an unrealizable high current driving 
capability is provided. From this condition there 
can easily be introduced the equation (1) described 
above. If a film thickness of the gate insulating film 
satisfies the equation (1), then a high current driv- 
ing capability unrealizable in the conventional semi- 
conductor device can be produced. 

When a relative dielectric constant of the gate 
insulating film is 8 or more, then a thickness of 6 
nm or more for the gate insulating film is preferable 
to let flow the same current as in the conventional 
transistor which uses the Si oxide film with a thick- 
ness of 3 nm. A leakage current due to a direct 
tunneling decreases in manner of an exponential 
function for a film thickness, thus the gate insulat- 
ing film equal to or more than 6 nm has a consider- 
ably large allowance for the leakage current by the 
direct tunneling. This therefore comes possible to 
improve a reliability of the transistor. 

In this embodiment, a p-type silicon is used as 
a substrate 101. However, according to the inven- 
tion, any other semiconductors may preferably be 
utilized, for example, preferably a n-type silicon. In 
this embodiment, AfeOa with a thickness of 5 nm is 
used as a gate insulating film 102. However ac- 
cording to the invention, any of others having a 
relative dielectric constant equal to or more than 8 
with a film thickness of ti satisfying the equation 
(1) may preferably be utilized, for example, prefer- 
ably Ta2 0s having 10 nm. In the embodiment, Al is 
used for the gate electrode 103. However, of 
course according to the invention, all of electrical 
conducting bodies using Al as a gate electrode 103 



may preferably be utilized. 
(Second Embodiment) 

5 Fig. 6 shows a second embodiment according 

to the present invention. 

Fig. 6(a) is a sectional view of a semiconductor 

device according to the present embodiment. A Si 

oxide film 203 formed by oxidation of a substrate 
10 Si is inserted between a p-type silicon substrate 

201 and a Ta^Os film 202 as a first gate insulating 

film. 

The Si oxide film 203 is formed in an oxygen 
atmosphere at a temperature of 300 *C. Continu- 
es ously, metal Ta is formed by bias sputtering, and 
continuously directly oxidized without breaking 
vacuum to produce TaaOs. Such continuous and 
direct oxidation without breaking vacuum provides 
a method of forming a considerably high quality of 
20 Ta2 0$. The other portions are the same as those in 
the first embodiment, therefore the explanation 
thereof is omitted throughout. 

A boundary face between the Si substrate and 
the gate insulating body corresponds to a channel 
25 portion where current flows, thus a boundary face 
characteristic affects a device characteristic of the 
semiconductor device. For example, with an inter- 
face state density being large, a carrier within the 
channel receives scattering, a mobility thereof is 
30 reduced. The decrease of the mobility causes to 
lower the current driving capability; Therefore, the 
interface state density is required to be suppressed 
as low as possible. 

Fig. 6(b) shows a difference of an interface 
35 state density depending on presence of the Si 
oxide film 203. In absence of the Si oxide film, an 
interface state density is larger, and in addition, 
with a larger dispersion. However, when the Si 
oxide film exists, an interface state density is small- 
40 er (-5 x 10 10 cm~ 2 ), and in addition, with a smaller 
dispersion. 

A thicker film thickness of the Si oxide film 
decreases a gate capacitance determined by a 
series connected combined-capacitance with 

45 Ta2 0s. and also an effect of the gate insulating film 
of the high dielectric body comes smaller. Thus, a 
film thickness of the Si oxide film is required thin- 
ner than TaaOs as a first gate insulating film. 

In this embodiment, the p-type silicon is used 

50 as a substrate 201 . However according to the in- 
vention, any other semiconductors all may prefer- 
ably be used, for example, preferably a n-type 
silicon. In the embodiment, Ta2 0s which is formed 
by means of direct oxidation is used as a first gate 

55 insulating film. But, according to the invention, 
Ta2C>5 formed into film by bias sputtering may 
preferably be utilized, or ones formed by the other 
methods may also be preferable. In the invention, 
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the others with a dielectric constant equal to or 
more than 8 may be preferable, for example, pref- 
erably TiCfe. In the embodiment, the Si oxide film 
formed at a temperature of 300 *C is used as a 
second oxide film. However, in the present inven- 5 
tion, a forming temperature is not limited to such 
300 -C. 

(Third Embodiment) 

10 

Fig. 7 is a third embodiment according to the 
present invention. 

Fig. 7(a) is a sectional view of an end of a gate 
electrode. Reference numeral 301 depicts a drain, 
302 an Al gate electrode, and 303 TaaOs. After ion 75 
injection and annealing for the source and the 
drain, the Al gate electrode surface is back ox- 
idized by anode oxidation, thereby a bite shape of 
Al oxide AfeOa is produced in the gate electrode 
end 304. Accordingly, a thickness of such portion 20 
of the gate insulating film is thicker than a flat 
portion 305, and an electric field concentration on 
the portion can be relaxed. 

Fig. 7(b) is a relationship between a thickness 
of a back oxide film formed by the anode oxidation 25 
and a gate insulating film withstand voltage. In case 
of a thickness of 0 for the back oxide film, i.e.. 
without performing the back oxidation, a withstand 
voltage of the gate insulating film is approximately 
4 MV / cm. But. with the back oxidation performed. 30 
and with a film thickness gradually increased, the 
withstand voltage is more improved. When the 
back oxidation film thickness comes about 5 nm 
and is substantially equal to the gate insulating film 
Ta2 05, then an improvement of the withstand volt- 35 
age is saturated. Then withstand voltage, about 5.5 
MV / cm may be called as an intrinsic withstand 
voltage of Ta2 0s used herewith. That is to say, it 
shows a complete prevention of an electric field 
concentration effect (end effect) in the gate elec- 40 
trode end. 

In this embodiment, AJ is used as a gate elec- 
trode. However, in the invention, any of other con- 
ducting bodies may be preferable. In the embodi- 
ment. Ta 2 05 is used for the first gate insulating 45 
film 303. However according to the invention, it is 
of course that AI2O3 or the like is also available. In 
the embodiment, AI2O3 in which the Al gate elec- 
trode is anode oxidized is utilized. However, ac- 
cording to the present invention, any of insulating 50 
films or insulating film forming methods, which are 
capable of enlarging an insulating film thickness at 
the gate electrode end, all may preferably be used, 
for example, such construction may preferably be 
formed by oxidation of only a Si substrate of the 55 
exposed gate electrode end by means of thermal 
oxidation or anode oxidation or the like. 



Industrial Applicability 

The present invention is to provide a semicon- 
ductor device having a high current-driving capabil- 
ity and capable of realizing high speed operations 
of circuits. 

Claims 

1. In a semiconductor device comprising a first 
semiconductor region of a (-) conduction type 
on a substrate body, source and drain regions 
of a reverse conduction type provided in the 
region, a first insulating film on the substrate 
body of a region spacing the source and the 
drain regions, and a gate electrode made of a 
conducting body on the first insulating film, 

a semiconductor device characterized in 
that the first insulating film is made of the 
insulating body of a relative dielectric constant 
equal to or more than 8, a film thickness 
thereof t| satisfies the following equation (1), 
and the source and drain regions are formed in 
a self aligning manner for the gate electrode. 

ti < 3 x (<?, / € SI02 ) (nm) (1) 

where 

€ r : a relative dielectric constant of the first 
insulating film 

€sto2 : a relative dielectric constant of the 
silicon oxide film. 

2. A semiconductor device in accordance with 
claim 1, wherein a second insulating film 
whose film thickness is thinner than a film 
thickness of the first insulating film and which 
is formed by oxidizing a substrate is arranged 
between the substrate and the first insulating 
film. 

3. A semiconductor device in accordance with 
claim 1 and 2. wherein the gate electrode is 
formed of metal. 

4. A semiconductor device in accordance with 
claim 1 through claim 3, wherein one or more 
insulating film(s) from among the first insulat- 
ing film or the second insulating film or an 
insulating film formed by oxidizing the gate 
electrode is thicker on an end of the gate 
electrode. 
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